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7LGDO WXUELQH GHYHORSHUV DQG UHVHDUFKHUV XVH VPDOO VFDOH WHVWLQJ i.e. WRZ WDQN DQG IOXPH
WHVWLQJDVDFRVWHIIHFWLYHDQGORZULVNZD\WRFRQGXFWSURRIRIFRQFHSWVWXGLHVDQGHYDOXDWH
HDUO\ VWDJH GHYLFH SHUIRUPDQFH 7KLV SDSHU SUHVHQWV H[SHULPHQWDO SHUIRUPDQFH GDWD IRU D
WKUHHEODGHGWKVFDOH15(/6WLGDOWXUELQHURWRUSURGXFHGDWWKH[PDQGP
ORQJ .HOYLQ +\GURG\QDPLFV /DERUDWRU\ WRZ WDQN DW 6WUDWKFO\GH 8QLYHUVLW\ 7KH URWRU
SHUIRUPDQFHZDV FKDUDFWHULVHG IURP YHU\ ORZ WLS VSHHG UDWLRV WR UXQDZD\ IRU IRXU FDUULDJH
VSHHGV$PD[LPXPC3RIDQGDPD[LPXPC7RIZHUHUHFRUGHGDWWLSVSHHGUDWLRVRIDQGIRUDFDUULDJHVSHHGRIPV7KHXQFHUWDLQW\ LQ WKH LQVWUXPHQWFDOLEUDWLRQ
DQG H[SHULPHQWDO PHDVXUHPHQWV ZDV TXDQWLILHG DOORZLQJ DFFXUDWH UHSUHVHQWDWLRQ RI WKH
H[SHULPHQWV LQ QXPHULFDO PRGHOV 7KH PHWKRGRORJ\ EHKLQG WKH XQFHUWDLQW\ FDOFXODWLRQV LV
GHVFULEHG LQ WKLVSDSHU7KHXQFHUWDLQW\ LQ WKHH[SHULPHQWDOPHDVXUHPHQWVZDV IRXQG WREH
OHVV WKDQ  IRU RYHU  RI WKH WHVWV 5H\QROGV QXPEHU VFDOLQJ HIIHFWV ZHUH IRXQG WR EH
LQIOXHQWLDORQWKHURWRUSHUIRUPDQFHLQWKHUDQJHRIYHORFLWLHVWHVWHG 
.H\ZRUGVTidal turbine, Rotor blade, Blade element momentum theory, Power and thrust 
measurements, Uncertainty analysis 
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6FDOHPRGHO WLGDO WXUELQH WHVWLQJ LVRQHRI WKH HDUO\ VWDJHVRI WKH(XURSHDQ0DULQH(QHUJ\
&HQWHU¶VWHFKQRORJ\UHDGLQHVVOHYHOV75/VSURJUDP>@(PSLULFDOGDWDREWDLQHGIURPVPDOO




WRZ WDQN WHVWV WR VWXG\ WKHHIIHFWVRIXQVWHDG\K\GURG\QDPLF ORDGLQJRQ WLGDO WXUELQHV DQG




ZKLFK FDQ FUHDWH QRQXQLIRUP IORZ FRQGLWLRQV DFURVV WKH WHVWHG GHYLFH 7KH LQKHUHQW
WXUEXOHQFHLQ WKHIORZFDQEHDGYDQWDJHRXV LI IRUH[DPSOHZDNHUHFRYHU\ LV WKHVXEMHFWRI
VWXG\ DQG WXUEXOHQFH KDV EHHQ FRQVLGHUHG LQ WKH WHVWLQJ SURJUDPPH +RZHYHU LW KDV EHHQ





 P ORQJ .HOYLQ +\GURG\QDPLFV /DERUDWRU\ WRZ WDQN $ WKUHHEODGHG  P GLDPHWHU






1.1. Limitations of scale model testing 
6RPH OLPLWDWLRQV RI VPDOO VFDOH WXUELQH WHVWLQJ LQFOXGH EORFNDJH UDWLR VFDOLQJ LQHTXDOLWLHV







PHDVXUHG GDWD 7KH EORFNDJH UDWLR DW ZKLFK WR DSSO\ FRUUHFWLRQV LV DQ RQJRLQJ GLVFXVVLRQ
ZLWKLQWKHLQGXVWU\)RUH[DPSOH7HGGV>@SUHVHQWHGWHVWVRQDPGLDPHWHUWXUELQHLQD






PRGHO WHVWV DV JHRPHWULF DQG NLQHPDWLF IOXLG DQG YHORFLW\ UDWLRV VFDOLQJ DUH PRUH HDVLO\
GRQH>@5H\QROGVQXPEHUVFDOLQJLVWKHPRVWUHOHYDQWIRUWLGDOWXUELQHVDVLWFRQVLGHUVIXOO\
VXEPHUJHGGHYLFHVEXWLVDOPRVWLPSRVVLEOHWRDFKLHYHIRUVPDOOVFDOHPRGHOVEHFDXVHRIWKH
KLJK URWDWLRQDO DQG LQIORZ VSHHGV UHTXLUHG E\ WKH WHVW IDFLOLWLHV :KHQ 5H\QROGV QXPEHU
PDWFKLQJLVQRWSRVVLEOHFRPPRQSUDFWLFHLQWKHLQGXVWU\LVWRXVH(XOHURU)URXGHQXPEHU
VFDOLQJ DQG NLQHPDWLF UHODWLRQV IRU ɉ > @ )URXGH QXPEHU VFDOLQJ LV QRW DSSURSULDWH IRU




XVHG 7KH WKUXVW DQG WRUTXH VHQVRUV DV ZHOO DV EHQGLQJ PRPHQWV VWUDLQ JDXJHV ZHUH
FDOLEUDWHGSULRU WR WHVWLQJ7KHEHQGLQJPRPHQWVWUDLQJDXJHVZHUHDOVRFDOLEUDWHGDIWHU WKH
WHVWSHULRGZDVFRPSOHWHGWRHQVXUHWKHUHZDVQRGULIWLQWKHPHDVXUHPHQWV 








7DEOHRXWOLQHV WKHURWRUJHRPHWU\DQG7DEOHSUHVHQWV WKHJHRPHWU\RI WKH WHVWHGEODGHV
EODGHWZLVWDQGFKRUGDVIXQFWLRQVRIUDGLDOORFDWLRQ7KHDQJOHEHWZHHQWKHURWRUSODQHDQG
WKHEODGH DW DQ\ UDGLDO SRVLWLRQZDVGHILQHGE\DGGLQJ WKHYDOXHVRI WZLVW WR WKH URRWSLWFK
DQJOHJLYHQLQ7DEOH 
7DEOH*HQHUDOGLPHQVLRQVDQGXQFHUWDLQWLHVRIWKHURWRU








































































REWDLQHG IURP WKH &$' SURJUDP $ PDFKLQLQJ WROHUDQFH RI  P H[LVWHG IRU HDFK
GLPHQVLRQRI WKHEODGHV7KHRULJLQDOPDFKLQLQJSURFHVVDQG WKH VXEVHTXHQWGULOOLQJRI WKH
SLQKROHUHVXOWHGLQXQFHUWDLQW\EHWZHHQWKH&$'PRGHODQGWKHSK\VLFDOWXUELQH:KHQWKLV
ZDVWDNHQLQWRFRQVLGHUDWLRQKHXQFHUWDLQW\LQWKHSLWFKVHWWLQJDWWKHURRWRIWKHEODGHZDV±
° 7KH TXDQWLILFDWLRQ RI WKLV XQFHUWDLQW\ DOORZV DFFXUDWH WXUELQH PRGHOOLQJ LQ WKH























































:KHUH ݑஶ LVWKHWRZWDQNFDUULDJHVSHHG 	?  LVWKHURWDWLRQDOYHORFLW\RIWKHURWRUQLVWKH
URWRU WRUTXH F7 LV WKH URWRU WKUXVW DQG M[M\ DUH WKH EODGH URRW EHQGLQJ PRPHQWV 7KH
UHODWLRQVKLSEHWZHHQC3RUC7 DQGȜ VKRZV WKH WXUELQHSHUIRUPDQFHRYHU WKH UDQJHRI IORZ
FRQGLWLRQV DQG LV WKH PRVW FRPPRQ ZD\ RI SUHVHQWLQJ WKH SRZHUFDSWXUH FDSDELOLWLHV DQG
VWUXFWXUDOORDGVH[SHFWHGIRUDWXUELQHURWRU 
2.3. Design of Experiment 
7KHGHVLUHGRXWSXWRI WKLV WHVWSURJUDPZDVDVHWRI IXOO\FKDUDFWHUL]HGSHUIRUPDQFHFXUYHV
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(( 




QRQVHTXHQWLDORUGHUDQGZHUH VFKHGXOHG EORFNHG WRDYRLG UDQGRPHUURUV VXFKDV WLPHRI
GD\ DIIHFWLQJ VWHDGLQHVV RI WDQN FDUULDJH RSHUDWRUV DIIHFWLQJ GDWD FROOHFWLRQ DQG WDQN
WHPSHUDWXUH YDU\LQJRYHU WKHGD\%\FKRRVLQJ WKH WRZDQG URWRUYHORFLWLHVRI WKH WHVWVDW
UDQGRPLWZDVDOVRHQVXUHGWKDWDQ\VRXUFHVRIXQFHUWDLQW\GHVFULEHGDV³QXLVDQFHIDFWRUV´LQ
WKH(TXL0DU%HVW3UDFWLFHVGRFXPHQW>@FRXOGEHHOLPLQDWHG 
7R DVFHUWDLQ WKH UHSHDWDELOLW\ RI WKH WHVWV D QXPEHU RI UHSHDW UXQV ZHUH SHUIRUPHG ,Q
SDUWLFXODURQHVHWRIFRQGLWLRQVZLWKDQLQIORZYHORFLW\RIPVDQGURWRUYHORFLW\RI
530ZDVUHSHDWHGWLPHV








ZHUH REWDLQHG ZKLOH WKH URWRU ZDV VSLQQLQJ VORZO\ WR DOORZ DQ\ URWRU PLVDOLJQPHQWV RU
EXR\DQF\IRUFHVWREHUHFRUGHGDQGWKHLUHIIHFWVFRQVLGHUHG:LWKWKHH[FHSWLRQRIWKHURWRU
YHORFLW\LWZDVDVVXPHGWKDWWKHPHDQYDOXHVRIWKHUHFRUGHGGDWDZHUH]HURDWWKLVYHU\ORZ










EHIRUH WKHQH[W WHVWZDVUXQ,Q WKHWHVWUXQ LOOXVWUDWHG LQ)LJXUH WKH]HURUHJLRQRFFXUUHG















































ZHUHRXWSXW DORQJZLWKD WLPHVWDPS WRD WH[W ILOHGXULQJ WHVWLQJ7KHELQDU\SXOVHYROWDJH
VLJQDOIURPWKHSUR[LPLW\VZLWFKZDVXVHGWRGHILQHWKHVWDUWRIHDFKURWRUUHYROXWLRQVXFKWKDW
GDWDFRXOGEHDYHUDJHGRYHUIXOOUHYROXWLRQV7KHFDUULDJHYHORFLW\ URWRU WRUTXH WKUXVWDQG





VWDPS ZHUH XVHG WR FDOFXODWH D PRYLQJ DYHUDJH RI WKH URWRU URWDWLRQDO YHORFLW\ GXULQJ WKH
VWHDG\VHFWLRQRIHDFKWHVWJLYLQJDYLVXDOFKHFNRQWKHVWHDGLQHVVRIWKHURWRUYHORFLW\7KH
PHDQ URWRU YHORFLW\ ZDV FDOFXODWHG IURP WKLV PRYLQJ DYHUDJH URWRU YHORFLW\ DQG Ȝ ZDV
FDOFXODWHGDFFRUGLQJWR(T7KHVWDQGDUGGHYLDWLRQRIWKLVPRYLQJDYHUDJHURWRUYHORFLW\
ZDV FDOFXODWHG DQG XVHG WR H[SUHVV WKH XQFHUWDLQW\ LQ WKH PHDVXUHPHQW RI URWRU YHORFLW\





3.1. Uncertainty in calibration 
7KHWKUXVWVHQVRUWRUTXHVHQVRUDQGEHQGLQJPRPHQWJDXJHVZHUHFDOLEUDWHGH[WHQVLYHO\WR
HQVXUHWKHPHDVXUHPHQWVWDNHQFRXOGEHSURFHVVHGZLWKFRQILGHQFH7KLVSURFHVVUHVXOWHGLQD





WKH WHVW UXQV D UHDGLQJ IRU WKUXVW IRUFH LQ 1HZWRQV LV HDVLHU WR FKHFN IRU DFFXUDF\ WKDQ D
UHDGLQJLQYROWV 
7KH FDOLEUDWLRQ RI WRUTXH LV XVHG DV DQ H[DPSOH IRU WKH XQFHUWDLQW\ DQDO\VHV PHWKRG
HPSOR\HG7RFDOLEUDWH WKH WRUTXHVHQVRUNQRZQ WRUTXH ORDGV DSSOLHGQ ZHUHDSSOLHG WR WKH
VWDWLRQDU\URWRUDQGWKHRXWSXWYROWDJH PHDVXUHGV ZDVUHFRUGHG$OLQHDUUHJUHVVLRQDQDO\VLVRI
WKHYDULRXVDSSOLHG WRUTXHVDQG UHVXOWLQJYROWDJHV VKRZHGDKLJKO\ OLQHDU FDOLEUDWLRQFXUYH
ZHOOILWWHGWRWKHGDWDZLWKFRHIILFLHQWVRIGHWHUPLQDWLRQ5DERYH'XULQJWHVWLQJWKH
YROWDJH UHDGLQJV ZHUH FRQYHUWHG WR WRUTXH PHDVXUHPHQWV E\ DSSO\LQJ D OLQHDU FDOLEUDWLRQ
HTXDWLRQRIWKHIRUP PHDVXUHG DSSOLHGV bQ a  ZKHUHbZDVWKHVORSHDQGa WKH RIIVHWFRQVWDQW  
7KHXQFHUWDLQW\DVVRFLDWHGZLWKWKLVFDOLEUDWLRQFXUYHZDVIRXQGEDVHGRQWKHVWDQGDUGHUURU
RI HVWLPDWH DV RXWOLQHG LQ WKH ,77&¶V GRFXPHQW 8QFHUWDLQW\ $QDO\VLV ,QVWUXPHQW
&DOLEUDWLRQ>@7KHVXPPHGVTXDUHRIUHVLGXDOV665LVGHILQHGDV
 5 66 n i iix y a bx   ¦  
ZKHUHxLVWKHNQRZQYDOXHyLVWKHPHDVXUHGYDOXHWKHUHDUHnVDPSOHSRLQWVZKHUHiLVWKH








   
7KH SUHFLVLRQ XQFHUWDLQW\ 3FDOLEUDWLRQ4P  DVVRFLDWHG ZLWK WKH OLQHDU UHJUHVVLRQ PHWKRG RI
FDOLEUDWLRQRIWRUTXHZDVGHWHUPLQHGIURP
3FDOLEUDWLRQ4 6((xP   
7KHWRWDOELDVXQFHUWDLQW\LQWKHWRUTXHPHDVXUHPHQWIRUH[DPSOHIURPWKHXQFHUWDLQW\LQWKH
PDVV RI WKH FDOLEUDWLRQ ZHLJKWV XVHG ZDV FDOFXODWHG E\ WKH ODZ RI SURSDJDWLRQ RI
XQFHUWDLQW\ DV GHWDLOHG LQ >@ DQG RXWOLQHG LQ (TXL0DU 'HOLYHUDEOH '  >@ 'XULQJ
FDOLEUDWLRQWKHWRUTXH DSSOLHGQ ZDVFDOFXODWHGIURP
DSSOLHGQ mgl  


:KHUH m ZDV WKH PDVV RI WKH ZHLJKW DSSOLHG GXULQJ FDOLEUDWLRQ ZLWK D ELDV XQFHUWDLQW\ RI
%PP  NJgZDV WKHJUDYLWDWLRQDOFRQVWDQWZLWKDELDVXQFHUWDLQW\RI %JP  PV
DQGlZDVWKHPRPHQWDUPZLWKDELDVXQFHUWDLQW\RI %OP  P7KHFDOFXODWLRQRIWKH
WRWDOELDVXQFHUWDLQW\ LQ WKH WRUTXHPHDVXUHPHQW %FDOLEUDWLRQ4P  LQ1PZDVEDVHGRQ WKHELDV
XQFHUWDLQW\IRUHDFKRIWKHVHYDULDEOHVDQGLVH[SUHVVHGDV
 %J%P %O
%FDOLEUDWLRQ4 DSSOLHG   Q m g l




4FDOLEUDWLRQ 3FDOLEUDWLRQ4 %FDOLEUDWLRQ4P P P   




9$5,$%/( 0($19$/8( 81&(57$,17<9$/8(635(&,6,21 %,$6 727$/
Q 1P    
FT1    
M\1P    
M[1P    
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3.2. Uncertainty in calculated parameters 
)RU HDFK WHVW WKH XQFHUWDLQW\ LQ WKH ILQDO FDOFXODWHG UHVXOWV IURP WKH ELDV DQG SUHFLVLRQ
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)LJXUHC3  ɉFXUYHIRUYDU\LQJLQIORZVSHHGV 
)LJXUHVKRZVWKDWDJHQHUDOWUHQGIRUHDFKRIWKHIRXUWRZYHORFLWLHVSUHVHQWHGZLWKVRPH










































ORZHVW ɉ WR  DW D ɉ RI  D  LQFUHDVH )RU ɉ EHWZHHQ  DQG  WKHUH ZDV D
UHODWLYHO\VPDOOLQFUHDVHLQEHQGLQJPRPHQWFRHIILFLHQWLQFUHDVH)URP)LJXUHWKH






































































PLQLPXP XQFHUWDLQW\ LQGLFDWHG LI WKH H[SHULPHQWDO VFDWWHU ZDV ZLWKLQ WKH FDOLEUDWLRQEDVHG
XQFHUWDLQW\ ERXQGV JLYLQJ D FRQVHUYDWLYH DQDO\VLV RI WKH UHSHDWDELOLW\ RI WKH WHVWV 7DEOH 




























7KH UHSHDWDELOLW\ DQDO\VLV VKRZHG WKDW IRU HDFK RI WKH SHUIRUPDQFH FKDUDFWHULVWLFV WKH
VWDQGDUG GHYLDWLRQ RI WKH YDOXHV LQ WKH VHW RI UHSHDWHG WHVWV IHOO ZLWKLQ WKH ERXQGV RI WKH
NQRZQXQFHUWDLQW\DVVRFLDWHGZLWKWKDWYDOXHLOOXVWUDWLQJWKHKLJKUHSHDWDELOLW\RIWKHUHVXOWV
 'LVFXVVLRQ
7KH DLP RI WKLV WHVW SURJUDP ZDV WR REWDLQ KLJK TXDOLW\ GDWD WR XVH IRU YHULILFDWLRQ DQG
FDOLEUDWLRQ RI SHUIRUPDQFH PRGHOV 7KH RSWLPXP URRW SLWFK DQJOH ZDV QRW SUHGHWHUPLQHG
7KLV UHGXFHG WKH PD[LPXP C3 DQG C7 WR YDOXHV EHORZ WKH WKHRUHWLFDO PD[LPXP IRU WKHVH
EODGHV 7KLV WHVW GDWD LV WKHUHIRUH QRW SUHVHQWHG WR VKRZFDVH WKH RSWLPXP SHUIRUPDQFH RI
15(/6EODGHVEXWUDWKHUWRHPSLULFDOO\TXDQWLI\WKHLUSHUIRUPDQFH 







EH GXH WR KLJK IULFWLRQDO ORVVHV LQ WKH V\VWHP D QRQRSWLPXP URRW SLWFK VHWWLQJ DQG ORZ
5H\QROGVQXPEHURSHUDWLRQDO HIIHFWV/RVVHV LQD VFDOHPRGHO WHVWKDYHDKLJKHU LPSDFWRQ
WHVW UHVXOWV WKDQ LQ ODUJHU V\VWHPV GXH WR D KLJKHU UDWLR EHWZHHQ IULFWLRQDO ORVVHV DQG WKH
FDSWXUHGSRZHU7KHSHUIRUPDQFHRIWKHEODGHDLUIROVKDSHZKLFKLVGHSHQGDQWRQWKHFKRUG
5H\QROGVQXPEHUDOVRLQIOXHQFHGSRZHUFDSWXUH5H\QROGVQXPEHUPDWFKLQJIRUVPDOOVFDOH
WLGDO WXUELQHV LV OLPLWHG DW PRVW WHVW IDFLOLWLHV GXH WR FDUULDJH DQG URWDWLRQDO YHORFLW\
FRQVWUDLQWV)RUWKLVZRUNGXHWRWKHVPDOOVFDOHRIWKHWXUELQHVEHLQJWHVWHGWKHRSHUDWLRQDO
UDQJH RI 5H\QROGV QXPEHUV ZDV ORZ ,Q WKH ORZHU 5H\QROGVQXPEHU UDQJHV DLUIRLO
SHUIRUPDQFH LV GHJUDGHG DQG XQXVXDO SHUIRUPDQFH FKDUDFWHULVWLFV FDQ GHYHORS FDXVHG E\
GLIIHUHQW HIIHFWV RI WUDQVLWLRQ ODPLQDU VHSDUDWLRQ DQG ODPLQDU EXEEOH EHKDYLRU >@ 7KH
GLIIHUHQFHVEHWZHHQWKHSHUIRUPDQFHFXUYHVREWDLQHGDWGLIIHUHQWFDUULDJHVSHHGV±SDUWLFXODUO\
EHWZHHQ WKH  PVC3ɉ FXUYH DQG WKRVH RI WKH KLJKHU LQIORZ VSHHG WHVWV  KLJKOLJKW WKH
5H\QROGV QXPEHU VHQVLWLYLWLHV $V WKH LQIORZ VSHHG DQG 5H\QROGV QXPEHU LQFUHDVHG WKH
WXUELQH EHFDPH PRUH HIILFLHQW DQG WKH RSWLPXP Ȝ GHFUHDVHG $W KLJKHU LQIORZ VSHHGV WKH
C3ɉ FXUYHV EHJDQ WR FRQYHUJH DV VHHQ LQ )LJXUH  $FFRUGLQJ WR H[SHULPHQWDO UHVHDUFK
XQGHUWDNHQ E\ 0LOQH >@ WKHUH LV D SRVVLELOLW\ WKDW ODPLQDU ERXQGDU\ OD\HU VHSDUDWLRQ















$Q H[SHULPHQWDO GDWDVHW IRU D VPDOO VFDOH WLGDO WXUELQH ZLWK TXDQWLILHG XQFHUWDLQW\ ZDV
SURGXFHGLQWKHWRZWDQNDW6WUDWKFO\GH8QLYHUVLW\7KLVGDWDZLOOEHXVHGIRUYHULILFDWLRQRID
%(07EDVHGSHUIRUPDQFHWRRODQGZLOOIRUPDEDVHFDVHIRUWKHGHYHORSPHQWRIQHZEODGH






ZLWK WKHKLJKHUXQFHUWDLQW\FRPLQJ IURPWHVWVZLWKYHU\VPDOOPHDVXUHGYDOXHV VXFKDVCS
FORVHWRWKHUXQDZD\SRLQWZKHUHLWDSSURDFKHV]HUR7KHH[SHULPHQWDOVFDWWHUZDVZLWKLQWKH
XQFHUWDLQW\ ERXQGV KLJKOLJKWLQJ WKH KLJK DFFXUDF\ RI WKH WHVWV $OWKRXJK WKH JUHDWHVW
XQFHUWDLQW\LQWKHWHVWVHWXSZDVIURPWKHEODGHSLWFKVHWWLQJWKLVXQFHUWDLQW\ZDVTXDQWLILHG
DOORZLQJDQDFFXUDWHUHSUHVHQWDWLRQRIWKHWHVWVHWXSLQQXPHULFDOPRGHOV7KHWHVWUHVXOWVDOVR







7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH LQYROYHPHQW DQG VXSSRUW RI WKH VWDII DW
6WUDWKFO\GH8QLYHUVLW\6DQG\'D\&KDUOHV.D\(G1L[RQ*UDQW'XQQLQJDQGWKHUHVWRIWKH
WHDP DW $FKUH 5RDG 2XU WKDQNV DOVR JR WR 6WHYH 0DUWLQ IRU KLV FRQWULEXWLRQV LQ WKLV WHVW
VHULHV )LQDOO\ ZH JUDWHIXOO\ WKDQN 25($ WKH 8QLWHG .LQJGRP 6FLHQFH DQG ,QQRYDWLRQ
1HWZRUN 6FRWWLVK 'HYHORSPHQW ,QWHUQDWLRQDO 16(5& DQG 5&8. 6XSHU*HQ IRU WKHLU
VXSSRUW  
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